A holoptychiid fish is described from the Lower Devonian of Arctic Canada. The new form is distinct from other holoptychiids by the presence of a large supraorbital bone and a boomerang-shaped tabular. Nusogaluukus n. gen. is the oldest and most primitive holoptychiid based on a phylogenetic analysis of porolepiforms and their closest relatives. The sequence of the genera corresponds to their stratigraphic appearance.
Introduction
In 1995, H.-P. Schultze and M. Otto, Museum fur Naturkunde, Berlin, Germany, and S. Cumbaa and R. Day, Canadian Museum of Nature, Ottawa, Canada, rediscovered the locality of Melanognathus canadensis Jarvik, 1967 , Dialipina salgueiroensis Schultze, 1968 , and Heimenia sp. 0rvig, 1969 in the Bear Rock Formation, Lower Devonian, along the Anderson River of the western Canadian Arctic, about 330 km east of Inuvik. The locality was discovered by prospecting oil geologists for the Standard Oil Company in 1958. On this original material, which was deposited in the Canadian Museum of Nature, the descriptions by Jarvik (1967) , Schultze (1968) and 0rvig (1969) were based. In 1997, H.-P. Schultze and 0. Hampe, Museum fur Naturkunde, Berlin, Germany, and S. Cumbaa and R. Day, Canadian Museum of Nature, Ottawa, Canada, J. Chorn, Natural History Museum, Lawrence, Kansas, and J. Harrison, Tuscon, Arizona, extensively excavated the locality and recovered many complete specimens of the actinopterygian Dialipina salgueiroensis (Schultze & Cumbaa in press) and of an undescribed acanthodian, many isolated cosmine covered bones of a porolepiform, few remains of the dipnoan Melanognathus, and a single specimen of a porolepiform with cosmine free bones which will be described here. The fish fauna from the Anderson River includes teleostome fishes only. Agnathans, thelodonts, placoderms or chondrichthyans were not discovered, not even in acid residues. The invertebrate fauna is represented by poorly preserved inarticulate brachiopods ('Lingula'), ostracods, gastropods and better preserved eurypterids (Braddy & Dunlop in press). Few plant remains occur. The Canadian Geological Survey cited the Bear Rock Formation as "Fauna virtually nonexistent, some ostracods (Moelleritia canadensis), brachiopods and colonial corals" (Morrow & Hills 1990: 43), which seems to be true for most of the formation. The fish fossils are restricted to two 150m long lenses, which cross the river at a distance of about 1 km, at the base of the formation. In addition, a local occurrence was discovered in 1975, about 7 km down the river. (Fig. 3) is displaced anterolaterally.
The postparietals (Fig. 2) are the largest bones of the skull roof. They are widest at the anterior tip of the tabular and become 60% narrower towards the anterior margin. The anterior margin of the postparietal is straight, it runs obliquely from the anteriormost median point to a more posterior lateral edge with an indentation close to the lateral edge (also in Holoptychius, Jarvik 1972: fig. 37B . pl. 24, fig. 3 , pl. 29, fig. 2 ). The lateral margin runs posterolaterally to the anteromedial corner of the tabular; it corresponds to the overlap area for the right prespiracular plate. It follows an embayment for the tabular. Two short pit lines appear in the middle of the postparietals at the level of the anterior tip of the tabular. The posterior part of the postparietals is not preserved except for the right margin. This shows that the postparietals reach not far behind the posterior end of the tabular.
The tabular is boomerang-shaped; its anterior margin is twice as wide as the posterior one. One short. straight pit line is situated medial to the middle point of the arched lateral margin. The lateral margin is embayed for the attachment of the extratemporal.
The anterior skull roof ( left bone anterolateral to the parietal. A short anterior piece of the left parietal is preserved. A small hexagonal median bone (pineal plate?) fits into the space between the anteromedial margins of the parietals. It follows anteriad a larger median bone which borders the two anterior margins of the hexagonal median bone, posterolaterally the bones anterolateral to the parietals. and laterally and anteriorly other small bones. Except for the two median bones and one bone in the following series, all other bones show pores of the lateral line system. The bone anterolateral to the right parietal is covered by its left counterpart; its anterior and most lateral parts are visible. The anterior part extends with very extensive overlap areas for the anterior following bones. These overlap areas are seen isolated anterolateral to the left parietal. Two series of small bones lie anterior to the larger median bone. A large supraorbital forms the most lateral bone of the first series. It has contact with the bone anterolateral to the parietal. with the first and second series of small bones anterior to the median bones, and in addition with not preserved anterior bones and the lacrimal. The internal surface of a thick bone, possibly the left vomer, is visible in front of the supraorbital. The concave margin towards the supraorbital is the margin to the internasal cavity. if the interpretation as vomer is correct.
Small tesserae lie between jugal. supraorbital. and ?vomer. These could be oral dental plates as described by Jarvik (1963, 1972) , nevertheless the surface structure corresponds very well with that of other skull bones. There is only one small plate with three pointed teeth in front of the anterior series of small bones. This small plate is clearly a dental plate. Vertically standing bones appear between the series of small bones. The largest one with an opening of a lateral line canal seems to be the left premaxilla.
The left squamosal and right (in internal view) and left jugals (Fig. 2) are preserved. The squamosal appears as a pentagonal bone. Its contact with the preoperculum is straight and long: in contrast, its posteroventral margin with the quadratojugal is very short. The long ventral margin indicates the presence of large or numerous submandibulars. The squamosal connects obliquely with the jugal. The anterior margin and the anterior part of the dorsal margin of the squamosal are disintegrating into tesserae. This feature is visible in many bones. Such a tessera has fallen out at the dorsal tip of the jugal. and the borders are marked in the subsquamosal.
The feature is best seen on the inside of the thick bone anterior to the supraorbital. The median part of the thick bone shows many sutures, a first indication of the division into tesserae. A field of tesserae with external features like dermal bones lies between the left postparietal and the left squamosal.
Left and right jugals are preserved, the right one presents its internal surface. The posterior margin is concave; here the subsquamosals suture. The ventral margin is straight and inclined in its anterior part where it contacts with both the anterior part of the maxilla and with the posterior margin of the lacrimal. The anterior tip of the jugal is abruptly ending, forming a short section of the posterior margin of the orbit. The anterodorsal margin for the postorbital and the posterodorsal margin for the squamosal are inclined at about the same angle (35"). The course of the infraorbital and the jugal sensory canals can clearly be followed by deep depressions on the bone surface and elevations on the inner side of the bone.
A nearly rectangular bone, here interpreted as subsquamosal, touches the anterolateral corner of the right postparietal (Fig. 2) . The dorsal and ventral margins of the subsquamosal run towards each other so that the anterior depth is 70% of the posterior depth of the bone. The posterior margin is straight. The anterior margin shows two embayments, the upper one may represent a fallen out tessera. The sutures of one tessera appear just below the upper invagination. The anterior margin of the subsquamosal corresponds to the posterior margin of the jugal.
The right maxilla (Fig. 3 ) lies lateral to the skull roof. Two thirds of the bone are preserved in substance, the posterior third only as impression. The bone has the same depth from the posterior end of the lacrimal until short before its end. It gets shallower at the anterior end below the lacrimal. The anterior part below the lacrimal diminuishes its depth towards a tip below the anterior end of the lacrimal. The teeth have the vertical striations typical for folded teeth. The enlargement of the broken region of the anteriormost part of the maxilla shows that there is more than one tooth row. The maxilla carries openings of the infraorbital canal.
The lacrimal is attached to the anterior part of the maxilla. It borders the jugal with an oblique margin. The dorsal margin forms the ventral border of the orbit and of the supraorbital anteriorly. The anterior margin shows a notch for the posterior external nasal opening and for the infraorbital canal. The reconstruction (Fig. 4) of skull roof and cheek is difficult because of missing bones. Anterior and posterior skull roof are placed together on the base of a relationship between parietal and postparietal of 40 to 50% in holoptychiids. The anterior small bones contact each other very well. so that the skull roof is reconstructable to the premaxillae. Maxilla. lacrimal, and jugal fit closely together. Supraorbital, lacrimal, and jugal form three quarters of the orbital margin. The last quarter is formed by the postorbital which is reconstructed as a large bone between jugal, supraorbital. parietal, prespiracular, and squamosal; an anteroventral process of the postorbital reaches the orbit. The squamosal would touch the tabular in the presented restoration. An elongated pre- The course of the lateral line system is assumed except on the jugal. The pores of the lateral line system are widely distributed so that one cannot use their appearance to reconstruct the lateral line canals with confidence. The otic sensory canal should pass through the growth centres of postparietal and parietal. Infraorbital and supraorbital sensory canals branch off in the parietal. The supraorbital sensory canal passes through the bone anterolateral to the parietal and through small bones lateral to the three median bones without pores of the lateral line system. The infraorbital sensory canal runs in the jugal where it turns anteriorly in an acute angle of 70". It passes through the lower part of the lacrimal. The jugal sensory canal branches off vertically from the infraorbital sensory canal in the growth centre of the jugal. The course of the canal through the squamosal is not marked by a groove on the surface of the bone.
Comparison
A phylogenetic analysis of Devonian porolepiforms was performed to place Nasogaluakus n. gen. within the group. I excluded the porolepiforms Duffichthys (Ahlberg 1992 : parts of lower jaw), Hamodus (Obrutschew 1933 : teeth), Heimeniu (0rvig 1969: scales), Paraglyptolepis (Vorobyeva 1987: ethmosphenoid), and Venralepis (Schultze 1980 : scales) from the analysis because of insufficient information. Heimenia ensis from the Lower Devonian of West Spitsbergen is under study by Gael Clement in Paris. 0rvig (1969) attributed porolepiform scales from Anderson River to Heimenia sp. Many isolated bones of a porolepiform, which may belong to Heimenia sp., are now available from the Lower Devonian of Anderson River; the material has not been studied yet. Nevertheless, it is clear that the here described specimen is different from the porolepid with cosmine-covered bones and scales from Anderson River which might belong to Heimenia.
For the cladistic analysis (with PAUP 3.1.1), I used those characters of Zhu & Schultze (in press), which are characteristic of porolepiforms, and in addition those, which are different within the porolepiforms (Appendices 1 and 2). All characters were treated unordered; and the delayed option (DELTRAN) was used. Psarolepis was placed into the outgroup. The consensus tree ( fig. 15 ) and in contrast to the elongated jugal of Porolepis (Jarvik 1972: fig. 43C ). NcrsogaliirrkiiJ n. gen. resembles holoptychiids in all these characters: it is distinct in details. The boomerang shaped tabular which is anteriorly twice as wide as posteriorly, and a single large subsquamosal are unique to Nosogafiiokiis n. gen. The lacrimal forms the ventral margin of the orbit in all porolepiforms; there are differences in the size of the part anterior to the orbit which do not distinguish clearly Porolepis from holoptychiids. A large supraorbital, similar to that in Nasogaluakus n. gen., has been figured in one specimen (Sedgwick Museum. Cambridge: SMC 5554) of Porolepis sp. by Ahlberg (1991: fig. 5 ) ; such a large supraorbital is otherwise unknown within the Porolepiformes.
The phylogenetic relationships of the taxa match their stratigraphic occurrence (Fig. 5) . Psarolepis already occurs in the Late Silurian (Zhu & Schultze 1997) and reaches into the Pragian, and Youngolepis and Powichthys in the earliest Devonian (Lochkovian) and into the Pragian. Porofepis is known from the middle Early Devonian (Pragian) until close to the end of the Middle Devonian (Givetian). Nasogaluakus n. gen., being a basal holoptychiid, already appears in the latest Early Devonian (Enisian), whereas all other holoptychiids except for few isolated remains are Middle and Late Devonian forms with a maximal abundance in the Frasnian. Isolated holoptychiid remains of about the same age have been described from the Emsian of Overath, WGermany (Gross 1933 
Conclusions
The disarticulated skull of Nasogaluakus chorni n. gen. and n. sp. is the only holoptychiid porolepiform, which was discovered within many cosmine covered porolepiform bones in the Lower Devonian at Anderson River, Arctic Canada. It represents the most primitive and the oldest holoptychiid porolepiform based on a phylogenetic analysis of porolepiforms and their closest relatives.
Nasogaluakus n. gen. has two characters (posterior pit line on anterior half of postparietal and a short and deep jugal) in common with holoptychiids with certainty; whereas the status of four holoptychiid characters is unknown (direction of the axis of parasymphysial tooth whorl, absence of median gular, presence of palatal opening, round scales). Nasogaluakus n. gen. has two porolepid characters (posterior position of the anterior margin of parietal and lack of parietalsuborbital contact) which put the genus at the base of the holoptychiids.
